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Human-automation collaboration refers to the concept of human operators and intelligent automation 
working together interactively within the same workspace without conventional physical separation.  
This concept has commanded significant attention in manufacturing because of the potential 
applications, such as the installation of large sub-assemblies. However, the key human factors 
relevant to human-automation collaboration have not yet been fully investigated. To maximise 
effective implementation and reduce development costs for future projects these factors need to be 
examined. In this paper, a collection of human factors likely to influence human-automation 
collaboration are identified from current literature. To test the validity of these and explore further 
factors associated with implementation success, different types of production processes in terms of 
stage of maturity are being explored via industrial case studies from the project’s stakeholders. Data 
was collected through a series of semi-structured interviews with shop floor operators, engineers, 
system designers and management personnel. 
 




In a traditional manufacturing environment, industrial robots work in isolation from human operators 
(Wilcox, Nikolaidis and Shah 2012). However, this segregation does not assist the need to increase 
production and reduce costs while maintaining a high quality product output in manufacturing 
(Buckingham et al. 2007). As considerable benefits can be gained when shop floor operators 
collaborate in real time with intelligent automation this has led to significant attention to the potential 
for human-automation collaboration (HAC) in certain manufacturing applications, such as the 
installation of large sub-assemblies (Walton, Webb and Poad 2011). In light of recent advances in 
technology which will enable HAC potential, health and safety regulations are also being advanced 
and updated to reflect that in some circumstances it is safe and viable for humans to work more 
closely to industrial robots (International Standards Organisation 10218:2-2011).  
 Despite recent developments, we do not yet fully understand how human operators will behave in 
these collaborative environments because it has still not yet possible to implement industrial HAC 
under current health and safety legislation. It has long been realised that neglecting human factors 
issues can be detrimental to the successful introduction of advanced automated systems (Friscia 
1990). Parasuraman and Wickens (2008) claim that despite advances in automation, the vital link for 
successful operation of intelligent automation is still human presence. However, as the development 
of HAC systems in manufacturing is still at an emergent stage there remains a paucity of literature 
identifying the key human factors that are likely to influence successful adoption. There has simply 
not yet been real examples of industrial HAC implementation in which to research antecedent factors 
and impacts. 
 The aim of the investigation described in this paper is to address the current gap in knowledge by 
identifying and evaluating the human factors of most influence in relation to the introduction of HAC 
Charalambous, Fletcher and Webb  
 
in manufacturing. The following sections describe how a theoretical framework of factors was derived 
from literature that might be comparable to the HAC context and this was examined for validation 
purposes in the collection of data from a case study of real operational automation implementation. 
2 HUMAN FACTORS INFLUENCING HAC: THEORETICAL FRAMEWORK 
This section describes the process employed to identify the human factors likely to influence the 
adoption of HAC and the set of key factors or themes that emerged in this process.  
2.1 Classification of Selected Human Factors 
As this study is aiming to capture human factors at different levels across the organisation, the factors identified 
were classified into two sub-categories based on their relevance to the human operator or the wider organisation:  
(i) Factors at the individual level: influencing the human operator 
(ii) Factors at the organisational level: influencing the organisation 
2.2 Human Factors at the Individual Level 
Trust in robots/automation: Trust in human-automation collaboration has been cited as an important factor 
because it can influence the success of the interaction (Billings et al. 2012). Hancock et al. (2011) suggest that 
robot-related factors such, performance can have the highest impact on trust.  
Mental Workload: For HAC collaboration to succeed, both agents need to interact in an effective manner. 
According to authors, automated systems have reduced physical demand on humans but have introduce 
additional cognitive demands which increase workload, hence hindering the effectiveness of the collaboration 
(Megaw 2005).  
Loss of Situation Awareness (SA): Automating a manual process can potentially leave human 
operator out-of-the-loop, passively monitoring the system and intervening only during a system 
failure. This condition can lead to loss of SA resulting costs to human performance (Parasuraman, 
Sheridan and Wickens 2000).  
Introduction of Varying Levels of Automation: Introduction of automation is based on the notion that it will 
assist human operators and facilitate optimal operation (Balfe et al. 2012). However, full automation can change 
the role of human operators to passive monitoring. This has been found to cause skill degradation, loss of SA 
and complacency (Parasuraman, Sheridan and Wickens 2000). 
Stress, Anxiety and Safety due to HAC: Collaboration in real time between humans and robots is bound to 
have the two agents in close proximity with evident the possibility of collision. However, it is not yet 
understood how the interaction will influence acceptance by human users (Zecca et al. 2007). More recently, 
Aria et al. (2010), in a novel cell production assembly experiment, found that robot size and robot speed had 
increased mental strain.  
Effects Automation Reliability: Automation reliability can influence successful co-operation between humans 
and automation. Parasuraman et al. (1993) in their study found automation reliability can potentially introduce 
automation-induced complacency effects. Similarly, Rovira, McGarry and Parasuraman (2007) found that 
higher automation reliability increased complacency which can have a significant cost during automation 
failure.  
Perceived Attentional Control (PAC): Automating a process will require the operator to monitor the supervise 
the state of the system. In such applications, operators will be required to divide attention across a number of 
processes in order to gain information about the system while looking for critical events (Talluer and Wickens 
2003). Previous research has found that poorer allocation of attention, can significantly detriment human 
performance particularly during a system failure (Chen 2011). This can pose an obstacle towards the success of 
a HAC system.  
Attitudes towards Robots/Automation: Recent evidence suggests that people tend to perceive assistive robots 
more as companions and social actors rather than tools and this can potential enhance acceptance positively 
(Torta et al. 2012). Furthermore, Nomura et al. (2006a) found that negative attitude towards robots can barrier 
interaction with robots in daily life. Although these occasions mostly relate on social robots, it would be 
important to investigate whether negative attitudes can barrier interaction in a manufacturing environment 
2.3 Human Factors at the Organisational Level 
Communication to the Workforce: Communication of quality information during an organisational change 
can alleviate the associated uncertainty which has been linked with negative effect on psychological well-being 
(Allen, et al. 2007). Hence, lack of communication can induce a psychological state of doubt and endanger 
acceptance of the system. 
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Training and Development of the Workforce: A key theme appearing on the literature is the training and 
development of the workforce (Waldeck 2007). It has been declared that, workforce development is an 
important feature during AMT implementation that can promote organisational performance. 
Formation of a Multidisciplinary Team: Investigation of the factors that enabled the successful 
implementation of AMT on the shopfloor indicated that the establishment of multidisciplinary teams from 
various departments can have a major positive impact (Bidanda, et al. 2005). 
Worker Involvement in the Implementation: Worker involvement has been linked with successful 
implementation of a technological system (Sohal 1999). Therefore, the degree of employee participation can be 
a potential enabler for successful adoption of HAC. 
Identification of a Process Champion: The presence of a technology champion during the implementation 
phase can be a significant factor. This can be a knowledgeable person, who understands the technology and its 
benefits so that it can motivate people around them. Also, it has to appear credible to the workers in order to 
reduce resistance (Chung 1996). 
Organisational Flexibility and Top Management Commitment: According to a number of studies, top 
management commitment can be a key factor. The management team needs to be involved throughout the 
process and not simply with technical aspects of the project. Also, Zammuto and O'Connor (1992) support that 
an organic culture is the key to exploiting the benefits of advanced automated technologies. 
Trade Unions: The degree of a firm’s unionisation level has been reported to influence the introduction of 
automated systems. Certain studies have indicated that unions do not always resist the introduction of 
technology (Small and Yasin 2000). Some others have found that union involvement from the beginning can be 
a way to handle such a sensitive issue. 
3 DEVELOPMENT OF METHODOLOGY 
This section describes the methodology used to (i) investigate the validity of the set of human factors 
identified in the theoretical framework and (ii) capture additional human factors as they appear from 
the collected data. 
3.1 Case Study Selection 
To identify and evaluate the key factors that are either enablers or barriers in relation to HAC in 
manufacturing, a range of appropriate production processes in various manufacturing settings were 
considered as case studies. Two types of processes in terms of stage of maturity will be explored: (i) a 
relatively mature, post-automation process and (ii) an example of in-progress automation 
implementation. To date, the second example of in-progress automation has been investigated to 
explore the factors that are affecting the process change and its adoption.  
3.2 Data Collection and Analysis 
The lack of previous industrial HAC research or existing guiding framework meant that for this study an 
exploratory approach was appropriate. Instead, the list of human factors themes that had been identified in the 
literature was used as an a priori guiding framework within a semi-structured interview approach to gather 
individual experiences and accounts of the transition from a manual to an automated process. Interview 
participants were personnel who were involved in the implementation such as: shopfloor operators, engineers, 
system designers, and management personnel. Interviews were fully transcribed and analysed using the 
Template Analysis’ in accordance with guidelines provided by Crabtree and Miller (1999), and King et al. 
(2002). The process involves the development of a coding template representing the major themes identified in a 
hierarchical form so that top level codes represent broad themes while lower level codes represent composite 
sub-themes. The template structure was revised iteratively to ensure it reflected the data in the most suitable 
manner. 
3.3 RESULTS AND DISCUSSION 
Through the data analysis, several enablers and barriers have emerged. Due to space limitations the 
most important are outlined below:  
Enablers 
Worker involvement in implementation: Shop floor employees can input their knowledge and experience to 
successfully implement the new automation. At the same time, through their involvement shop floor employees 
gained ownership of the new system which enhanced acceptance.  
Charalambous, Fletcher and Webb  
 
Communication to the workforce: Results indicated that early communication regarding the benefits of the new 
automated process to the workforce is an important enabler. Through communication employees were kept 
informed and reduced resistance when the automation arrived on-site. 
Top management commitment and support: Commitment of senior management was found important to ensure 
the project can progress and be implemented. At the same time, it was pointed to be vital for keeping personnel 
at all levels focussed on the aims of the project and to raise morale.  
Training of the workforce: During the early implementation stages, provision of offsite training to a number of 
end-users was found to be an important enabler. It allowed end-users to gain confidence and ownership of the 
new system. Also, the end-users trained initially were able to translate their knowledge and experience to the 
rest of their colleagues on the manual cell. This reduced negativity regarding the system, prepared the rest of the 
employees and enhanced acceptance.  
Organisational flexibility through worker empowerment: Empowering operators with additional  control over 
the new system was found to be an enabler. Results pointed that this gave operators a more active role rather 
than passively monitoring the automation.  
Barriers 
Communication interface between union-local management: Results suggested that effective communication 
with local union leaders regarding the rationale of introducing the automation and the impact on employees is 
important.  
Awareness of manual process complexity by system integrator: It was pointed that system integrator needs to 
have a comprehensive understanding of the variability of the manual process to be automated. Insufficient 
understanding can cause delays to the development of a robust and process capable system. 
Capturing manual process variability: Lack of capturing the source of variation of complex manual processes 
can pose significant challenges. As highlighted above, capturing the manual process variability can be fed to the 
system integrator to support the provision of a process capable system. 
Resources required for the development of the automation: Resource allocation to the development of the 
automation is likely to have a negative impact on the production rates. This was found to create confusion 
between the production and the development teams. Moreover, it was identified that the confusion can have a 
negative effect on shop floor employees assigned to support the automation.  
4 CONCLUSION AND FUTURE WORK 
This paper has presented research work in progress that is being conducted to advance the potential for HAC to 
be developed and implemented. It has presented the key human factors that were identified through a literature 
review as most relevant to successful implementation of industrial automation as well as the methodology 
developed to collect and analyse data to test the relevance and validity of these factors for industrial HAC 
contexts. It is evident that a single case study will not provide robust and generalisable findings. Hence, to 
identify factors that are barriers or enablers to the implementation of HAC, a survey has been constructed based 
on the findings of the case study. The survey has been administered to appropriate subject matter experts (SME) 
who were involved in the automation of manual processes. Ten SMEs have been approached and data is 
currently being collected. Future work involves the administration of surveys to different sized and structured 
organisations to observe any variability of the factors and identify where any antecedents or impacts are 
specific. Also, Different manufacturing sectors will also be covered in order to identify context-specific factors.  
 By capturing further data this research will be able to produce a valid framework of general organisational 
level factors that need to be considered for the implementation of HAC systems into manufacturing processes. 
At the same time this cross-organisational, multi-sector approach will be able identify more context-specific 
antecedents and likely outcomes. 
 Apart from investigating how organisations implement intelligent automated systems, it is equally 
important to investigate the key factors that will enable effective interaction between operators and robotic 
assistants. One of the most important aspects for successful interaction identified in the literature is the level of 
trust of the human operator to the robotic teammate (Yagoda and Gillan, 2012). Facilitating appropriate levels of 
trust can determine acceptance of a system and reduce negative performance outcomes (Yagoda 2013). 
However, very little research has focused on the development of a trust measurement inventory for industrial 
human-robot interaction (HRI). For this purpose an exploratory experimental study is in progress to develop a 
psychometric scale to measure trust in industrial HRI.  
 By collating the organisational level and individual level factors, will provide a highly useful design aid for 
implementing industrial human-robot collaboration. 
Charalambous, Fletcher and Webb  
 
REFERENCES 
Allen, J., Jimmieson, N. L., Bordia, P. & Irmer, B. E., 2007. Uncertainty during organisational 
change: Managing perceptions through communication. Journal of Change Management, 7(2), 
pp. 187-210 
Aria, T., Kato, R. and Fujita, M. .2010. Assessment of operator stress induced by robot collaboration 
in assembly. CIRP Annals– Manufacturing Technology, 59, 5-8. 
Balfe, N., Wilson, J.R., Sharples, S., and Clarke, T. 2012. Development of design principles for 
automated systems in transport control. Ergonomics. 55 (1). 
Bidanda, B., Ariyawongrat, P., Needy, K. L., Norman, B. and Tharmmaphornphilas, W. 2005. Human 
related issues in manufacturing cell design, implementation, and operation: A review and survey. 
Computation and Industrial Engineering, 48, 507-523. 
Billings, D.R., Schaefer, K.E., Chen, J.Y.C., Hancock, P.A. 2012. Human-robot interaction: 
Developing trust in robots. International Conference on Human-Robot Interaction. 5-8 March. 
pp. 109-110. 
Buckingham, R., Chitrakaran, V., Conkie, R., Ferguson, G., Graham, A., Lazell, A., Lichon, M., 
Parry, N., Pollard, F., Kayani, A., Redman, M., Summers, M., and Green, B. 2007. Snake-Arm 
Robots: A New Approach to Aircraft Assembly. SAE Technical Paper 2007-01-3870, 2007, 
doi:10.4271/2007-01-3870. 
Chen, J. 2011. Individual Differences in Human-Robot Interaction in a Military Multitasking 
Environment. Journal of Cognitive Engineering and Decision Making, 83-105. 
Chung, C. 1996. Human issues influencing the successful implementation of advanced manufacturing 
technology. Journal of Engineering and Technology Management, 13, 283-299. 
Crabtree, B.F., and Miller, W., L. 1999. Using codes and code manuals: A template organising style 
of interpretation. In B.F.Crabtree and W.L.Miller (Eds.) Doing qualitative research (2nd ed., pp. 
163-178), Newbury Park, CA: Sage. 
De Visser, E., Parasuraman, R., Freedy, A., Freedy, E. and Weltman, G. 2006. A comprehensive 
methodology for assessing human-robot team performance for use in training and simulation. 
Santa Monica, CA: Human Factors and Ergonomics Society. 
Dekker, S.W.A., 2004. On the other side of promise: what should we automate today?. In: D. Harris, 
ed. Human factors for civil ﬂight deck design. Aldershot: Ashgate Publishing, 183–198 
Endsley, M., English, T. and Sundararajan, M. 1997. The modelling of expertise: The use of situation 
models for knowledge engineering. International Journal of Cognitive Ergonomics, 1(2), 119-136. 
Friscia, A. 1990. Systems integration: What it is. What it isn't. Automation, 32-38. 
Hancock, P.A., Billings, D.R., Schaefer, K.E., Chen, J.Y.C., De Visser, E.J., and Parasuraman, R. 
2011. A Meta-Analysis of Factors Affecting Trust in Human-Robot Interaction. The Journal of 
the Human Factors and Ergonomics Society. 53: 517 
International Standards Organisation. 2011. Robots and robotic devices – Safety requirements for 
industrial robots – Part 2: Robot systems and integration (ISO 10218-2-2011). pp. 32-36. 
King, N., Carroll, C., Newton, P., Dornan, T. 2002. “You can’t cure it so you have to endure it”: The 
experience of adaptation to diabetic renal disease. Qualitative Health Research. 12(329). 
Megaw, T., 2005. The deﬁnition and measurement of mental workload. In: J.R.Wilson and N. Corlett, 
eds. Evaluation of human work. 3rd ed. London: Taylor & Francis, 525–551. 
Nomura, T., Kanda, T., Suzuki, T. 2006a. Experimental Investigation into Influence of Negative 
attitudes toward Robots on Human-Robot Interaction 
Parasuraman, R., Mouloua, M., Molloy, R. and Hilburn, B. 1992. Training and adaptive automation. 
Vol. 2: Adaptive manual training. The Catholic University of America. 
Parasuraman, R., Molloy, R. and Singh, L. I. 1993. Performance Consequences of Automation-
Induced "Complacency". The International Journal of Aviation Psychology, 3(1), 1-23. 
Parasuraman, R., Sheridan, T.B., and Wickens, C.D. 2000. A model for types and levels of human 
interaction with automation. IEEE Transaction on Systems, Man, and Cybernetics – Part A: 
Systems and Human, 30(3). 
Parasuraman, R. and Wickens, C. 2008. Humans: Still vital after all these years of automation. Human 
Factors, 511-520. 
Rovira, E., McGarry, K., and Parasuraman, R.. 2007. Effects of imperfect automation on decision 
making in a simulated command and control task. Human Factors, 49(1), 76. 
Charalambous, Fletcher and Webb  
 
Small, M. and Yasin, M. 2000. Human factors in the adoption and performance of advanced 
manufacturing technology in unionised firms. Industrial Management and Data Systems, 389-
402. 
Sohal, A. 1999. Introducing new technology in to a small business: a case study. Technovation, 187-
193. 
Talluer, D.A., and Wickens, C.D. 2003. The effect of pilot visual scanning strategies on traffic 
detection accuracy and aircraft control. In Proceedings of the 12th International Symposium on 
Aviation Psychology. Dayton, OH 
Torta, E., Oberzaucher, J., Werner, F., Cuijpers, H.R., Juola, F. J. 2012. Attitudes towards socially 
assistive robots in intelligent homes: Results from laboratory studies and field trials. Journal of 
Human-Robot Interaction, 1 (2), pp. 76-99 
Waldeck, N. E. 2007. Worker assessment and the provision of developmental activities with advanced 
technology: An empirical study. International Journal of Production Economics, 107, 540-554. 
Walton, M., Webb, P., and Poad, M. 2011. Applying a Concept for Robot-Human Cooperation to 
Aerospace Equipping Processes. SAE Technical Paper 2011-01-2655, 2011, doi:10.4271/2011-
01-2655. 
Wilcox, R., Nikolaidis, S., and Shah, J. 2012. Optimization of temporal dynamics for adaptive human-  
       robot interaction in assembly manufacturing. In Proceedings of the. Robotics, Science and    
       Systems (RSS), Sydney, Australia. 
Yagoda R.E. and Gillan D.J. (2012): You want me to trust a ROBOT? The development of a human- 
       robot trust scale. International Journal of Social Robotics, 4(3), pp. 235-248 
Yagoda R.E. (2013): You want me use THAT robot? Identifying underlying factors affecting robot  
       use. Ph.D. Thesis. North Carolina State University: USA 
Zammuto, R. F. and O'Connor, E. J. 1992. Gaining Advanced Manufacturing Technologies' benefits: 
The Role of Organization Design Culture. Academy of Management Review, 17, 701-728. 
Zecca M., Saito, M., Endo, N., Mizoguchi, Y., Itoh, K., Takanobu, H., Takanishi A. 2007. Waseda 
Bioinstrumentation System WB-2—The New Inertial Measurement Unit for the New Motion 
Caption System. Robotics and Biomimetic. pp. 139–144. 
 
